Oxindóis são compostos endógenos encontrados em fluidos e tecidos de mamíferos. Particularmente, isatina (1H-indol-2,3-diona) e seus derivados vêm mostrando uma grande variedade de efeitos no meio biológico, incluindo a inibição de monoamina oxidase, atividade bactericida, fungicida, antiviral e antiproliferativa. Pesquisas mais recentes descrevem estes compostos como inibidores de quinases, uma classe de proteínas envolvidas em várias etapas do ciclo celular. Nesta revisão, complexos de cobre(II) com ligantes derivados de oxindóis são discutidos como potenciais agentes antitumorais, em comparação com outros complexos, com base na proposição de se aliar as propriedades redox e coordenativas do metal à capacidade de afetar os processos de angiogenese e apoptose já demonstrada por esse tipo de ligante.
Introduction
A significant rising interest in the design of metal compounds as drugs and diagnostic agents is currently observed in the area of scientific inquiry appropriately termed medicinal inorganic chemistry. 1 Investigations in this area focus mostly on the speciation of metal species in biological media, based on possible interactions of these metal ions with diverse biomolecules, in an effort to contribute to future development of new therapeutics or diagnostic agents. [2] [3] [4] A wide range of metal complexes are already in clinical use, 5 and encourage further studies for new metallodrugs, such as metal-mediated antibiotics, antibacterial, antiviral, antiparasitic, radiosensitizing agents, and anticancer compounds. 6 However, their mechanisms of action are often still unknown. Recently, more than a thousand potential anticancer metal compounds, from the National Cancer Institute (NCI) tumor-screening database, were analyzed based on putative mechanisms of action, and classified into four broad classes, according to their preference for binding to sulfhydryl groups, chelation, generation of reactive oxygen species, and production of lipophilic ions. 7 Additionally, increasing knowledge of the biological activities of simple metal complexes guided many researchers to the development of promising chemotherapeutic compounds which target specific physiological or pathological processes. Many potential antitumoral agents have been investigated based on their anti-angiogenesis or pro-apoptotic behaviour. These studies involve both designed and natural products, in association with essential metal ions such as copper, or iron. 8 Disturbed redox equilibrium, described as oxidative stress, is usually pathological, and changes in the oxidation state of cells over long time periods usually cause damage to biomolecules (lipid peroxidation, protein oxidation, DNA strand breaks). Intracellular redox state unbalance in cells is responsible for induction of apoptosis, an ordered sequence of events that lead to cell programmed death. Apoptosis can be triggered by physical or chemical stimuli, such as UV and γ-radiations, hypoxic conditions, and prooxidant agents. 9 The cell-suicide program is then activated through induction of gene transcription, following DNA damage, and inducing protein repair or the cell cycle arrest. If damaged DNA is not repaired, the induction of caspasedependent apoptosis occurs, followed by removal of apoptotic cell through macrophages or neighbouring cell phagocytic-activity without inflammation.
In this context, redox active complexes can provide an alternative tool for redox regulation as a therapeutic basis, interfering in oxidative trigger mechanisms in cells. Specific ligands can be useful in the modulation of metal ion reactivity, by modifying their redox potential, hydrophilic or lipophylic characteristics, or saturating its coordination sphere, and therefore avoiding undesirable interactions with cell components. Particularly, copperbased compounds have been investigated on the proposal that endogenous metals may be less toxic. 10 Copper is an essential trace element and plays a crucial role in living systems, performing a wide variety of functions in the active site of proteins and enzymes involved in metabolism. 11 However, copper can also become toxic and potentially carcinogenic if not properly bound. Its redox reactivity may lead to severe injury to cells through oxidation of proteins, lipids, and nucleic acids, with generation of reactive oxygen species (ROS), that is, superoxide ion, hydrogen peroxide, and hydroxyl radical. 12 Indeed, copper ions in mammals are tightly bound to protein carriers and transporters. Copper homeostasis is a highly regulated process, and a variety of specific chaperones with high affinity for copper ensure that it is efficiently coordinated, avoiding interactions with cellular components. 13 As a consequence, a direct exchange of copper between specific proteins is observed, 14 and virtually nil concentrations of free or simple ligand-bound copper ions are found in fluids or inside the cells. 15 Therefore, living cells seem to be well prepared to deal with copper ions, having an appropriate protein machinery that provide different ways for their absorption, transport, storage, and detoxification. 16 Based on these arguments, different copper compounds with diverse ligands have been isolated and studied as potential therapeutic agents. In this paper, interesting compounds, the oxindoles, that have already shown beneficial biological effects are discussed as suitable copper ligands, capable of adequately modulating the metal properties.
Oxindoles and their Biological Activities
Oxindoles are endogenous compounds found in mammalian body fluids and tissues, ubiquitously distributed in the central nervous system, that have shown an extensive range of biological effects, including antibacterial, antifungal, anticonvulsant, antiviral, and antiproliferative activity. 17 Particularly, isatin (1H-indole-2,3-dione; 2,3-dioxoindoline; or indoline-2,3-dione) was discovered in the nineteenth century as an oxidation product of indigo, 18 and it is probably the first example of tautomeric substance to be reported. Its tautomeric forms were formerly proposed in 1882, exhibiting two chemically dissimilar carbonyl groups, a lactam-carbonyl (α), and a keto-carbonyl (β), as shown in Figure 1 . 19 Isatin is present in the brain and other tissues in humans, and the oxindole moiety is also found in natural products in some plants. 20 The metabolism of isatin in humans is not yet well elucidated. It has been suggested that tryptophan and/or phenylalanine is converted by intestinal bacteria into indole, which is then absorbed and metabolized in the liver to isatin via 3-hydroxyindole. 21 Indoxyl and isatin further undergo spontaneous oxidation and dimerization forming indigoid pigments, indigo and indirubin, which are also excreted in urine. On the other hand, a carbonyl reductase was identified as a major mediator in metabolic pathways of isatin, and probably plays a critical role in its biological activities. 22 Oxindoles usually have a broad range of pharmacological actions, being already described as both anxiogenic and sedative agents, 23 as antagonists of guanylate cyclase-coupled atrial natriuretic peptide receptor, 24 and as potent inhibitors of monoamine oxidase B. 25 Schiff bases of N-methyl and N-acetyl isatin derivatives with different aryl amines were prepared and screened for anticonvulsant activity. The compounds with bromo substituent in the isatin ring and chloro substituent in the phenyl ring exhibited a broad-spectrum activity, and seem to be good prototypes for the development of new drugs against epilepsy. 26 Some hydrazones, Schiff and Mannich bases of isatin have also exhibited significant anticonvulsant Cerchiaro and Ferreira Vol. 17, No. 8, 2006 activity, and based on these results some structural features responsible for interaction with the receptor site were established within a suggested pharmacophore. 27 Good antibacterial and antifungal activities of Schiff and Mannich bases derived from isatin and thiolyl-thiosemicarbazide have also been described. 28 Some examples of these compounds are shown in Figure 2 .
Antiproliferative and proapoptotic actions of isatin and 5-hydroxyoxindole, but not oxindole, have been described for different tumoral cells, at concentrations lower than 10 -6 mol L -1 . 29 Primary cytotoxicity evaluation of a series of 5-nitroindole-2,3-dione-3-thiosemicarbazone derivatives has indicated that these compounds could also act as potential new anticancer agents, since they reduced the growth of different human tumor cell lines to ≤ 32%. 30 Additionally, indole and isatin oximes can be easily prepared and are widely used as precursors in fine organic synthesis, leading to many different products, such as amine-, ether-, nitrile-, and oxazole-derivatives, 31 which were also proposed as therapeutic agents for coronary and ischemic heart disease, cardiac arrhythmia and hypertension, 32 and as antidepressants. 33 
Synthetic oxindoles as enzyme inhibitors
A new series of isatin derivatives (see Figure 3) was designed, by utilizing a combination of protein structurebased drug design, molecular modelling, and structureactivity relationship (SAR). These compounds were subsequently synthesized and evaluated as inhibitors of human coronavirus 3C-like and rhinovirus proteases. 34 Modelling studies of these protein-inhibitor complexes lead to some interesting conclusions about placing specific groups at N-1 and C-5 position. The C-2 carbonyl of isatin was envisioned to react in the active site of human rhinovirus (HRV) 3C protease with the cysteine responsible for catalytic proteolysis, thus forming a stabilized transition state mimic.
More recently, a series of novel oxindoles were discovered as efficient HIV (human immunodeficiency virus) non-nucleoside reverse transcriptase inhibitors. Systematic structural modifications of the lead molecule defined its SAR, and permitted the identification of increased antiviral activity at the early stages in infection. 35 These studies suggested that both the NH and the carbonyl oxygen moieties are crucial for the antiviral activities, and also demonstrated that the cyclopropane moiety is critical in optimizing effective molecular interactions (see Figure 4 ).
Further, some indolinone-derivatives were prepared by attaching different chemical substituents to an oxindole-core, and were observed to act as efficient inhibitors of protein tyrosinase kinases (PTKs). 36 These protein kinases are critical components of signalling pathways in the control of cell proliferation and differentiation, and enhanced PTK activity has been implicated in many human cancers. 37 Thus, selective inhibitors of this class of proteins can have considerable therapeutic value, as compounds SU4984 and SU5402, shown in Figure 5 . Some oxindole and aza-oxindoles were synthesized and described as potent inhibitors of TrkA tyrosine kinases, a subclass in this family of enzymes, such as compounds A and B in Figure 5 . Some substituents with similar scaffold in these compounds can increase the selectivity for TrkA inhibition over CDK2, another class of kinase proteins. As an example, compound A showed IC 50 = 0.008 μmol L -1 for TrkA, and 10.4 μmol L -1 for CDK2. 38 Another compound with similar structure, SU9516, a novel 3-substituted indolinone compound, had effects on colon cancer cell kinase activity, cell proliferation, cell cycle progression, and apoptosis examined. 39 In this case, the studies aimed at the so called cyclin-dependent kinases (CDK), which are key-regulators of the cell cycle. Protein kinases constitute a large class of proteins that catalyze the phosphorylation of target proteins and enzymes. They can regulate a wide range of processes including carbohydrate and lipid metabolism, neurotransmitter biosynthesis, DNA transcription and replication, organelle trafficking, smooth muscle contraction, and cell differentiation. 40 These proteins are specific for each phase of the cell cycle, and determine the progression of distinctive and wellordered phosphorylation events occurring. Therefore, they constitute promising target for anticancer drug development. 41 It was demonstrated that the oxindole SU9516 is a potent and selective inhibitor of the CDK2 kinase catalytic activity; it also decreases liganddependent and -independent cell cycle progression, and increases apoptosis in a cell line-specific manner.
On the other hand, some oxindole-derivative compounds have been reported as potent inhibitors of vascular endothelial growth factor (VEGF) that stimulated angiogenesis. 42 Angiogenesis, the development of the microvasculature, is a complex multistep event, described as a crucial aspect of tumor growth and spread. Tumors with greatest vasculature are often associated with poorer prognosis and higher metastatic potential. Angiogenesis inhibitors prevent the growth of blood vessels from surrounding tissue of a solid tumor, and those VEGF exert their effect in tumor growth by binding to cell surface receptors which have intrinsic tyrosinase kinase activity. 43 The oxindole derivatives named SU5416 and SU6668 (shown in Figure 6 ) inhibited angiogenesis in vitro by >86% at 10 μmol L -1 concentration, and this inhibition was already significant at 1 μmol L -1 . Both compounds are nowadays in clinical trial for cancer treatment.
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Novel oxime-derivatives of indirubin, a metabolite of isatin oxidation and an active ingredient of a traditional Chinese medicine containing a bis-oxindole skeleton (see examples in Figure 7 ) have been recently developed, based on structure-activity relationship studies, as potent cancer cell growth inhibitors for different cell lines. Recent investigations indicated that these oxindoles display high inhibition of some cyclin-dependent kinases (CDK2). 
Oxindoles as Ligands for Copper and other Metal Ions
By now, many metal complexes with oxindoles have been described in the literature. The early reports did not reveal biological interest, but as soon as pharmacological activities started to be demonstrated for these compounds, their metal complexes also gained biological relevance, and their antibacterial, antiproliferative or mutagenic properties were also investigated.
Some Schiff bases derived from isatin were prepared by reaction with amino acids or substituted hydrazines and were subsequently metallated with nickel(II), iron(III) or cobalt(II) ions. 46 Zinc(II) and mercury(II) complexes of isatin-3-thiosemicarbazone were isolated and spectroscopically characterized. 47 Copper(II), nickel(II) and cobalt(II) complexes with pyridyl-and quinolylhydrazones of isatin and N-methylisatin have also been prepared. In the case of the copper complex, spectroscopic results suggested a planar geometry. 48 Copper(II), chromium(III), manganese(II), cobalt(II), nickel(II), zinc(II), cadmium(II) and lead(II) chelates with tetradentate Schiff base derived from isatin by reaction with o-phenylenediamine were also isolated. In this case, the complexes were obtained as neutral species with divalent ions, and in the enolic form of the ligand (see Figure 8) . 49 Similar species of copper(II) were prepared with 1,3-diaminoethane, which subsequently produced binuclear metal complexes by further coordination to another copper(II), uranyl, lanthanium(III) or cerium(III) ion. 50 On the contrary, some coordination compounds of cobalt(II), nickel(II) and copper(II) with Schiff bases obtained by the condensation of isatin with sulfamethazine or ethazole were isolated in the keto-form of the ligands. Structures of these species are also shown in Figure 8 . 51 The The increasing interest in these metal species, particularly copper, comes from the fact that 3-thiosemicarbazones of isatin were previously found to be active in the treatment of smallpox. The suggested mode of action of these compounds could involve inhibition of virus growth through binding to copper ions, which are constituents of the virus. Additionally, 1-methylisatin-3-thiosemicarbazone copper(II), nickel(II) and cobalt(II) complexes were isolated and had their X-ray crystal structure determined, motivated by the biological activities of this type of proligand. 56 Complexes of divalent copper, cobalt, nickel and zinc ions with 3-salicylidenehydrazono-2-indolinone were isolated in the keto-form of the ligand, as shown in Figure 9 , and exhibited antimicrobial activity against gram-positive and gram-negative organisms. This activity was enhanced compared to the proligand itself, especially against Candida albicans, and decreased in the metal order Zn ≥ Cu > Co > Ni. 57 More recently, a series of organotin(IV) complexes with ligands derived from isatin or N-alkylisatin and thiocarbonohydrazones were synthesised, characterized and showed significant antibacterial activity against gram-positive bacteria. 58 Different isatin-derivatives incorporating thiazole, thiadiazole, benzothiazole and p-toluene sulfonylhydrazide moieties were prepared, as well as their corresponding cobalt(II), copper(II), nickel(II) and zinc(II) complexes. 59 These compounds also showed good results as antibacterial and antifungal agents against different strains, and most of them had their activity enhanced on complexation.
Antitumoral Activity of Copper Complexes

Studies focusing on oxindole-copper(II) complexes
By now, very few studies have focused on the antiproliferative activity of oxindole-copper complexes, in an attempt to ameliorate the proligand performance in its Complexes of manganese(II), iron(II), cobalt(II), nickel(II), copper(II), and zinc(II) with isatin-β-thiosemicarbazone were prepared (see Figure 10) , and the nickel complex was structurally characterized by X-ray crystallography. Investigations of cellular growth and apoptosis induction in the presence of these species indicated that the proligand and the corresponding nickel(II) and copper(II) complexes can inhibit cell proliferation of human leukemia U937cell lines. 60 It was observed that the proligand and its copper complex were equally active, inhibiting the cellular growth by nearly 70% at 20 μg mL -1 . With the nickel complex, an inhibition of only 30% was verified at 10 μg mL -1 ; at higher concentration this complex was cytotoxic. This behaviour of the copper complex was unusual: in previous studies, higher activity has generally been observed for copper complexes in comparison to the proligands. 61 However, neither the proligand nor the copper complex were able to induce apoptosis as estimated by DNA fragmentation, even after 18 h of incubation.
Copper(II), nickel(II) and zinc(II) isatin-hydrazone complexes had their potential activity as antitumor agents evaluated on diverse human leukemic cells. 62 They inhibited the S-phase of TOM1 cell proliferation by ca. 40%, but there was no effect observed on other tumoral cell lines. From these studies, it is clear that some copper complexes can specifically interfere with the cell cycle at different levels, but the mechanism behind their way of action is far from being elucidated.
Copper(II) complexes with oxindolimine ligands, obtained by condensation of isatin with different amines, were recently prepared and spectroscopically characterized in our laboratory. 63 The reactivity of these complexes towards different biomolecules was then extensive and systematically studied. These complexes exhibited keto-enol equilibria, similar to the proligand, being some of them isolated as the keto-form, and others as the corresponding enolic-form, as shown in Figure 11 . Their catalytic activity towards the oxidation of common carbohydrates (glucose, fructose and galactose) was verified, and indicated a significant initial rate increase, up to μmol L -1 copper complex concentrations. This was the first report indicating a dependence of catalyzed carbohydrate oxidation rate on metal concentration. A modulation of the copper ion reactivity by the oxindolimine ligand was also observed, and this oxidationpromoting activity was verified to occur via generation of reactive oxygen species, especially hydroxyl radical. 64 Former studies in the literature have been carried out with much higher copper concentrations, in the mmolar range, and in the presence of very poor coordinating ligands. As a consequence, the verified kinetic law indicated a zeroorder on the metal.
These oxindolimine-copper(II) complexes also showed a relatively high stability, tested toward the ligand substitution in competitive equilibria with albumin, monitored by CD spectra. 65 The estimated stability constants, log K CuL = 15-16, were very similar to that reported for copper-albumin, log K Cu(BSA) = 16.2, and those already observed for other di-imine copper(II) complexes. 66 Further investigations on the effects of these oxindolimine-copper(II) complexes on cell viability indicated that some of them can significantly induce the apoptotic program in human promonocytic U937 and human neuroblastoma SH-SY5Y cells. 67 This activity was shown to be dependent on cell line and also on the ligand. Compound 3 (see Figure 11 ) was the most effective in inducing the G 2 /M phase arrest in SH-SY5Y cells, after 24 h of treatment. On the other hand, compound 1 seemed to act at G 1 phase, and a significant increase in apoptotic population became evident after 48 h. Additionally they exhibited a noteworthy capability of generating reactive oxygen species, especially hydroxyl radical, also modulated by the ligand. Further studies are presently in development in our laboratory, and the new results suggested different mechanisms of action for the most active complexes in this series. 68 The main biological target in this case seems to be the mitochondria, since an exacerbated consumption of oxygen was observed in the presence of the copper complexes. 69 
Selected studies of copper complexes with other ligands
Besides oxindoles, different Lewis bases coordinated to copper(II) ions have their biological activities enhanced, and some of them have been already studied as potential cancer chemotherapeutic agents. 70 A large number of bis(thiosemicarbazones) and several of their copper complexes were among the earlier studied compounds. The 3-ethoxy-2-oxobutyraldehyde bis(thiosemicarbazone) or H 2 KTS, and related ligands, were all inactive towards antitumoral activity against Walker 256 rat tumor cells. However, in the presence of copper ions at a level of 0.4 μg mL -1 , all the chelates formed in situ were highly active. When pre-formed complexes were tested, only the copper and zinc complexes showed appreciable activity. Further studies on iron and copper complexes with 5-substituted 2-formylpyridine thiosemicarbazones indicated significant inhibition of Ehrlich ascites tumor cells growth, in the presence of these complexes. 71 Particularly, thiosemicarbazones, hydrazones, and analogous compounds, as well as their copper complexes, have been intensively studied as inducing agents of apoptosis, in spite of showing low efficiency in many cases. The biological effects of these complexes are supposed to be related to weak interactions with DNA. Some new thiosemicarbazones derived from salicylaldehyde or methylpiruvate have been synthesized, and the corresponding copper(II) and zinc(II) complexes isolated. 72 The ligand helicin thiosemicarbazone scarcely inhibited U937 cell proliferation, and the analogous copper thiosemicarbazone complex showed 40% inhibition. However, both compounds were not able to cause DNA fragmentation, inducing apoptosis. Also, studies on new copper complexes with 5-formyluracil thiosemicarbazones derivatives were carried out. In spite of these species being able to interact with DNA by electrostatic or groove binding, but not by intercalation, neither the proligands nor the metal complexes interfered with cell proliferation of leukemic cells. 73 Structures of some copper complexes with this type of ligand are shown in Figure 12 .
On the other hand, two new copper pyridoxal thiosemicarbazone complexes with nitroprusside, [Fe(CN) 5 NO], as counterion were found to be active in inhibiting leukemic cell proliferation (monoblastoid U937 and lymphoblastoid CEM lines) and in inducing apoptosis. The cells were arrested at the G 2 /M phase, in a dose-and time-dependent action. 74 According to these studies, the nitroprusside seemed to have no cooperative effect.
The copper(1,10-phenanthroline) complex has been extensively studied as capable of inducing apoptosis, since it showed nuclease activity in the presence of reducing agents and molecular oxygen, by redoxcycling and stimulation of reactive oxygen species (ROS) formation. 75 This complex induced G 1 -phase specific apoptosis in liver carcinoma Bel-7402 cell line. 76 More recent studies, focusing on the mechanism of this complex cytotoxicity, showed that an abnormal elevation of intracellular copper, which is transported by the lypophylic phenanthroline ligand, plays a crucial role in the initiation of apoptotic process, with increased ROS production and decreased GSH/GSSG ratio. 77 Further, this same complex exhibited potent cytotoxicity against human leukemic HL-60 cells and human stomachal SGC-7901 cells, with growth inhibition up to 90%. 78 Ternary copper complexes with the scorpionate ligand dihydrobis(3-nitro-1,2,4,-triazolyl)borate (see Figure 13) , and phosphane as co-ligand had their cytotoxicity tested against several human tumor cells lines, and showed appreciable activity with IC 50 lower than those exhibited by cisplatin, the most studied metal-based antitumor drug. Also, they were particularly effective against A549 carcinoma cells that are resistant to cisplatin treatment. 79 Very recently, the sulfur and nitrogen donor ligand, N'-[(2-hydroxyphenyl)carbonothioyl]pyridine-2-carbohydrazide ( Figure 13 ) and its copper(II) and manganese(III) complexes were also shown to be toxic against colon cancer HT29 cell line. 80 The cells treated with these metal complexes induced apoptosis and inhibited endogenous N-myristoyltransferase activity, which was suggested to be crucial for cell survival.
Finally, triazole-type ligands coordinated to copper ions have also been evaluated as antiproliferative agents. The complexes with unsymmetrical 4-amino-1,2,4-triazoles (see Figure 13 ) exhibited a tetragonally distorted octahedral coordination around copper and were active against different HT-type adenocarcinoma cells. 81 However, the observed antiproliferative activity of these complexes was similar to that of copper chloride, suggesting that this activity may be ascribed to species formed with bioligands in the culture medium. Also, for all cell lines tested, the copper complexes had very low activity if compared to cisplatin.
Copper and Apoptosis
In the traditional cancer chemotherapy, many drugs exert their cytotoxic effects by inducing apoptosis, and novel propositions focus on drugs that modulate Figure 12 . Some thiosemicarbazone-copper complexes with antiproliferative activity. J. Braz. Chem. Soc. apoptosis, named as "apoptosis-modulating drugs". 82 Most of the copper complexes of interest were shown to induce apoptosis, although some of them only inhibited cell proliferation, but were not able of inducing the apoptotic process.
Apoptosis has a major role in some physiological processes, and it is also a fundamental process active in numerous pathological events, such as sepsis, neurodegenerative diseases and cancer. 83 Apoptotic cell death can occur by two distinct pathways: a liganddependent activation of cell surface receptors, or activation of the mitochondrial death pathway. Since significant crosstalk occurs between these two processes the overall apoptotic response can be amplified. If the integrity of the outer membrane in cells is lost, apoptotic proteins are released into the citosol, and they can activate the so called caspases, proteins of the cysteine protease family, or act in a caspase-independent way to induce cell death. 84 Caspase-dependent factors include, for example, cytochrome c, while caspase-independent factors comprise endonuclease G (endo G), and apoptosis inducing factor (AIF). Additionally, based on the observation that most conventional and experimental chemotherapeutic agents promote the permeabilization of mitochondrial membranes in cancerous cells, the mitochondria have also emerged as a novel target for anticancer therapy. 85 Since cyclin-dependent kinases have a crucial role in the apoptotic process, many studies use the approach of targeting these proteins through the development of diverse inhibitors. 86, 87 Among those inhibitors, oxindole derivatives have received substantial attention. Further, as antagonists of receptor tyrosinase kinases, oxindole derivatives are also attracting increasing interest. 88 Growth factor receptors exhibiting a tyrosinase kinase activity are proteins involved in a wide variety of cellular functions, and in many cell types they drive growth, differentiation and angiogenesis, by transducing growth factor signals from the external environment to intracellular processes. Alterations in tyrosinase kinase receptor pathways have been also implicated in oncogenic activation and tumor angiogenesis. There is evidence that the mechanism for activation of these proteins (PTK) has steps under redox-control. 89 Therefore, as small molecules that can interact with a wide range of enzymes implicated in the cellular functions, oxindoles are envisaged as promising cancer chemotherapeutical agents.
On the other hand, redox regulation is evolving as a new challenge for pharmacology. 90 The focus is to develop drugs capable of modulating the oxidative trigger mechanisms or enforcing reductive pathways in cells. 91 Persistent oxidative events, in addition to a decline in the cellular reduction potential, accompanied by substantial oxygen radical induced damage, seems to be involved in most of the major degenerative diseases. Redox regulation, on the contrary, involves subtle and chemically defined oxidations of short duration, based on the existence of a redox-based network of regulatory mechanisms, intimately linked to cellular functions.
Particularly, copper-dependent toxicity in tumoral cells seems to be linked to mitochondrial dysfunction 92 involving the production of reactive oxygen species, which is amplified in the presence of reducing agents, and decreasing the levels of several mitochondrial proteins. Therefore, specific ligands for copper, capable of modifying and modulating its reactivity and of targeting active proteins in the cellular proliferation and regulation of apoptotic pathways are certainly serious candidates for the hole of pharmacological agents.
In this context, oxindole-derivatives are a subclass of copper chelators with antitumoral activity deserving further development as promising components of metalbased drugs. A better understanding of the molecular mechanisms by which such compounds act can provide a theoretical basis for new clinical approaches in anticancer therapies. Unicamp (1997) 
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